Phthalide-containing diphenol 3-phenyl-3- Phthalide-containing polymers of the phenolformaldehyde type are noted for high thermal and physicomechanical properties. Among them, thermosetting homo-and copolymers of the resol resin type based on phenolphthalein are well known [1] [2] [3] [4] [5] . Furthermore, phthalide-containing polymers are of interest as electroactive materials [6] .
Phthalide-containing polymers of the phenolformaldehyde type are noted for high thermal and physicomechanical properties. Among them, thermosetting homo-and copolymers of the resol resin type based on phenolphthalein are well known [1] [2] [3] [4] [5] . Furthermore, phthalide-containing polymers are of interest as electroactive materials [6] .
On this basis, the production of new oligomers and polymers of the given type is an urgent problem.
The aim of the present investigations is to synthesise new cooligophenol-formaldehyde resol resins using the previously unknown phthalide-containing hydroquinonebased diphenol 3-phenyl-3-(2 1 ,5 1 -dihydroxyphenyl) phthalide (I).
The diphenol was obtained in two stages by the interaction of o-benzoylbenzoic acid with thionyl chloride with the subsequent condensation of the o-benzoylbenzoic acid chloride formed with hydroquinone in a 1,4-dioxane solution in the presence of catalyst ZnCl 2 by the scheme:
The structure of the phthalide-containing diphenol obtained was confirmed by the results of elemental analysis and by its IR spectrum which is presented in Figure 1 (spectrum 2). Its IR spectrum, in contrast to the spectrum of the initial hydroquinone (spectrum 1), contains an intense band with a maximum at 1745 cm -1 due to stretching vibrations n(C=O) of the phthalide ring, which indicates its presence in diphenol. Furthermore, in the IR spectrum of diphenol I, a strong 960 cm -1 band appears, due to CH-deformation vibrations of the 1,2,4-substituted aromatic ring. The structure of the 3-phenyl-3- (2   1   ,5 1 -dihydroxyphenyl)phthalide obtained for the first time was also confirmed by 1 H and 13 C NMR spectra (see the Experimental section).
The hydroquinone-based phthalide-containing diphenol synthesised in this way has the following structure:
The synthesised hydroquinone-based diphenol (I) was used as the monomer in the production of phenolformaldehyde cooligomers. Phenol-formaldehyde cooligomers of the resol resin type were obtained on the basis of mixtures of compound I and phenol in different ratios.
It is known that phenol-formaldehyde resol resins are produced in an aqueous solution by the interaction of phenol with a small excess of formaldehyde in the presence of an alkaline catalyst. However, the synthesised hydroquinone-based diphenol (I) is water insoluble. In this case, resol resins are obtained in a solution of organic solvent [1] [2] [3] . In spite of this, the synthesis of resol-resintype cooligomers based on compound I proved possible in an aqueous solution owing to its capacity to dissolve in water in the presence of phenol.
Cooligomers were produced by the interaction of a mixture of compound I and phenol (weight ratio ranging from 5:95 to 40:60) with formaldehyde (molar ratio of phenols to formaldehyde 1:1.2) in an aqueous solution at a temperature of 90-100°C in the presence of ammonia as the alkaline catalyst by the scheme:
In the case of using mixtures containing more than 40% of compound I, it proved impossible to carry out the process in a homogeneous aqueous solution. Therefore, synthesis was conducted in a 1,4-dioxane solution. In this way, a cooligomer based on a mixture of phenol and compound I in equal quantities was obtained, and also a homooligomer based on compound I. Certain characteristics of the synthesised resol resins are presented in Table 1 . For comparison, the characteristics of resol resin based on phenol (oligomer IIh) are given in Table 1 .
The synthesised resol resins comprise powder products, with T soft ranging from 83 to 98°C for cooligomers and from 208 to 210°C for homooligomer IIg, soluble in acetone, ethanol, and dioxane and containing 2.6-20.6% hydroxymethyl groups, and here their quantity increases as the proportion of phenol in the initial mixtures increases (and accordingly the amount of compound I decreases).
The structure of the synthesised cooligomers was confirmed by their IR spectra ( Figure 1 , spectra 3 to 5). The IR spectra of cooligomers IIe and IIf (spectra 3 and 5), like the spectrum of the initial monomer (spectrum 2), contain an intense band with a maximum at 1741 cm -1 due to stretching vibrations n(C=O) of the phthalide ring, which indicates its presence in the cooligomers. For resin IIa, based on a mixture with a minimum quantity of phthalide-containing diphenol I (5%), the given band is weak (spectrum 4).
The presence of hydroxymethyl groups in the synthesised resol resins was confirmed by bromometric titration by the Kebner method [7] , and also by the presence in their IR spectra of 1020 and 3320 cm bands relating respectively to stretching vibrations n(C-O) and n(OH) of the hydroxymethyl and the phenol groups.
Owing to the presence of hydroxymethyl groups, cooligomers IIa to IIe are cured when heated in air at 180°C for 2-3 min, with the formation of infusible, insoluble crosslinked systems. Cooligomer IIf could not be cured under the given conditions in view of the low content of hydroxymethyl groups (2.6%). On the basis of the given cooligomer, it proved possible to produce a crosslinked system only in the presence of a 20% dehydroxymethyl derivative of p-cresol as the curing agent. An infusible, insoluble copolymer with a On the basis of homooligomer IIg, likewise it was possible to produce a crosslinked polymer. When it was heated in a melt at 220°C, there was an increase in the melt viscosity, with the formation of a linear polymer that was soluble in organic solvents. Table 2 gives the physicomechanical properties of the cured cooligomers IIa to IIe. Small quantities of acetonesoluble low-molecular weight substances (no more than 2.1%) indicate the high degree of completion of the process of their curing. The exception is polymer IIe, which has a slightly higher value of the given characteristic (7.9%) and accordingly a slightly lower bending stress causing failure (29.2 MPa).
Thus, the synthesised new phthalide-containing polymers of the resol resin type are promising not only for creating valuable heat-resistant materials of traditional designation but also as new valuable "smart" polymers, for example polymers manifesting the effect of electric current switching as a result of external effects. For the first time, a phthalide-containing polymer has been obtained in which at one phenyl radical added to the phthalide ring there are simultaneously two electrondonor phenol hydroxyl groups. In connection with this, it is important to study the influence of such a change in chemical structure on the switching effect.
To assess the heat resistance of the obtained copolymers, use was made of dynamic thermogravimetric analysis (DTGA), and the coke numbers were also determined. The results obtained are given in Table 3 .
ExPERIMENtal
Chemically pure hydroquinone was additionally purified by recrystallisation from water with subsequent vacuum sublimation, T m = 170-170.5°C. Thionyl chloride was distilled with a reflux condenser, T b = 76°C.
o-Benzoylbenzoic acid was purified in the following way. An aqueous solution of o-benzoylbenzoic acid sodium salt was filtered to remove insoluble impurities and decolourised by treatment with activated carbon, and, after filtration to remove the activated carbon, a solution of hydrochloric acid was added to the filtrate to a pH of 5-6. The precipitated o-benzoylbenzoic acid was filtered, washed with water to remove residues of hydrochloric acid, and dried at 100°C, T m = 125-126°C. Dioxane was dried over molecular sieves of grade NaA and distilled, T b = 100-101°C. Analytical-reagent-grade ZnCl 2 (Fluka, ACS) was used as the catalyst without additional purification. The synthesis of the phthalide-containing hydroquinonebased diphenol 3-phenyl-3-(2 1 ,5 1 -dihydroxyphenyl) phthalide (I) Into a 25 mL Claisen flask with a calcium chloride pipe, 11.3 g (0.05 mol) of o-benzoylbenzoic acid and 7.5 mL (12.4 g, 0.105 mol) of thionyl chloride were charged, and the reaction mass was held at room temperature for 2 h until the complete dissolution of the o-benzoylbenzoic acid. The reaction mass was heated with a reflux water condenser in an oil bath, gradually raising the temperature from 50 to 90°C for 5 h, including heating at 90°C for 3 h. The excess thionyl chloride was initially distilled off under the vacuum of a waterjet pump, and then under the vacuum of an oil pump (residual pressure 5 mmHg), holding the temperature in the bath at 100-110°C. The obtained o-benzoylbenzoic acid chloride was used at the next stage of synthesis without additional purification.
Into a 50 mL two-necked flask with a stirrer and a calcium chloride pipe, 5.5 g (0.05 mol) of hydroquinone and 13 mL of dry dioxane were charged and mixed at room temperature for 30 min until complete dissolution of the hydroquinone. To the hydroquinone solution, the o-benzoylbenzoic acid chloride obtained at the first stage and 3.6 mL of dry dioxane were added (the hydroquinone concentration in the dioxane solution was 3 mol/L), and they were mixed for 20 min. Then, 0.68 g (0.005 mol) of ZnCl 2 was added, and mixing was continued for 2 h, leaving the reaction mass (without mixing) overnight at room temperature. The precipitate was filtered, repeatedly washed with hot water, and dried initially in air at room temperature and then in an oven at 140-150°C. The yield was 14 g (91.8%). The product was recrystallised twice from 80% aqueous isopropanol. A cream-coloured crystalline substance with T m = 241-242°C, soluble in dioxane, ethanol, isopropanol, and glacial acetic acid, was obtained. Content of elements: Found: C 75.46%, H 4.44%; Calcd: C 75.47%, H 4.40%. Content of OH groups: Found: 9.8%; Calcd: 10.6%. 
The synthesis of phenol-formaldehyde cooligomer of the resol resin type based on a mixture of phthalide-containing diphenol (I) and phenol with a weight ratio of 40:60 (cooligomer IIe)
Into a three-necked flask equipped with a stirrer and a reflux water condenser, 4.8 g (0.05 mol) of phenol, 3.2 g (0.01 mol) of compound I, 6.7 mL of 30% Formalin formaldehyde solution containing 2.2 g (0.072 mol) of formaldehyde (molar ratio of formaldehyde to phenols 1.2:1), and 0.2 mL of a 25% aqueous solution of ammonia were charged. The reaction mass was heated in a boiling water bath during constant mixing for 2 h 30 min until the clear separation of the reaction mass into two layers (resin and water). The water layer was decanted, while the resin was repeatedly washed with hot water and dried initially in air and then in an oven at 50-60°C. The resin was purified by reprecipitation from an acetone solution into water. The cooligomer yield was 74.0%, T soft = 95-98°C, and the content of hydroxymethyl groups was 7.5%. Content of elements: C 73.90%, H 5.7%. The curing time at 180°C was 2 min 55 s.
Cooligomers IIa to IId were obtained in a similar way. Their principal characteristics are given in Table 2 .
The synthesis of a phenol-formaldehyde cooligomer of the resol resin type based on a mixture of phthalide-containing diphenol (I) and phenol with a weight ratio of 50:50 (cooligomer IIf)
In a round-bottomed flask with a reflux water condenser, 4.5 g (0.014 mol) of compound I was dissolved at 60-70°C in 30 mL of dioxane, and, to the obtained solution, In a round-bottomed flask with a reflux condenser, 1.3 g (0.0041 mol) of compound I was dissolved at 60-70°C in 30 mL of dioxane, and 0.4 mL of 36% Formalin formaldehyde solution containing 0.15 g (0.005 mol) of formaldehyde and 0.1 mL of a 25% aqueous solution of ammonia were added to the solution obtained. The reaction mass was heated in a glycerin bath at 110-120°C for 6 h. The cooled reaction mass was precipitated into a tenfold (by volume) amount of water. The precipitate was filtered off, repeatedly washed with hot water, and dried initially in air and then in an oven at 50-60°C. Yield 82.7%. T soft = 208-210°C, content of hydroxymethyl groups 9.0%. Content of elements: C 72.74%, H 5.0%.
IR spectra were recorded on a Nicolet Magna-780 IR Fourier spectrometer. The spectra were processed using IBM-PS computer software. 1 H and 13 C NMR spectra were recorded on a Bruker AV-400 instrument with a working frequency of 400.13 and 100.16 MHz respectively in acetone-d6.
The content of hydroxymethyl groups was determined by Kebner's method [7] , and the content of hydroxyl groups by Verlet's method [7] .
To determine the physicomechanical properties by hot pressing, standard specimens were obtained for testing in the form of 10 × 15 × 4 mm pellets. The pressing conditions were: temperature 180°C, pressing time 1 h, pressure 10 MPa. The physicomechanical characteristics of cured polymers were measured on a "Dinstat" instrument by standard procedures.
The percentage of acetone-soluble low-molecularweight substances was determined by extraction by boiling for 3 h in a Soxhlet apparatus.
DTGA curves were taken on a derivatograph during the heating of pellets of the copolymers in air to 900°C at a rate of 5°C/min. The heat resistance was estimated from the temperatures (T 1 and T 2 ) at which 10 and 20% weight losses were observed.
The coke numbers were determined during the heating of copolymer pellets at 900°C for 10 min in air.
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